Objectives: This paper presents new possibilities of treatment of acute thrombosis located in proximal segments of upper and lower limb veins using transcutaneous mechanical thrombectomy and transcatheter thrombolysis. Material and methods: The procedures were carried out in patients hospitalised in the Department of Vascular Surgery of the Provincial Hospital Complex in Kielce. Qualification for the procedure was based on the prevention and treatment guidelines for venous thromboembolism in Poland and worldwide. The treatments were performed using a Penumbra Indigo thrombectomy device. The observation covers the first half of 2017. Results: Out of 24 patients hospitalised in this period due to deep vein thrombosis, six had aspiration thrombectomy; the remaining patients were treated with the traditional method. In five patients a very good treatment effect was obtained and immediate regression of swelling and pain of the limb was observed. The applied treatment significantly shortened the hospitalisation time by half on average compared to traditional treatment and did not cause significant complications except minor bleeding. During the half-year follow-up period, patients undergoing treatment did not experience any recurrence of pain, swelling, or recent thrombosis. Conclusions: Aspiration thrombectomy combined in some cases with transcatheter thrombolysis allows rapid removal of thrombi and resection of veins and leads to quick relief of symptoms, at the same time reducing hospitalisation time and immobilisation at home. Given the novel nature of the device, further observation is needed to demonstrate the safety and comparable efficacy of this method, including randomised, controlled clinical trials before any recommendations for its use can be made.
IntroductIon
Venous thrombosis is an acute thrombotic event arising in the venous placenta manifested by: deep vein thrombosis (DVT), pulmonary embolism (PE) or both. The most common source of embolic material are veins of the lower limbs, with 50% of patients showing no symptoms of the disease. In Poland, about 57,000 new cases of DVT and about 36,000 cases of PE are reported every year. Proximal thrombosis gives symptoms only in 40-50% of cases, distal thrombosis located below the knee joint gap gives symptoms in only 5-15%. The first symptom of venous thromboembolism may be pulmonary embolism. The mortality rate for untreated PE is 30% in the first 30 days of the disease, and despite correct treatment 3-15% of stable patients with right ventricular dysfunction die.
In European Union countries, 543,454 people die each year due to venous thromboembolism and its complications, i.e. more than in total due to: breast cancer, prostate cancer, HIV/AIDS, and road accidents.
The primary goal of acute DVT treatment is: 1) prevention of thrombus development, 2) prevention of acute complications mainly of pulmonary embolism and acute limb ischaemia (phlegmasia alba and phlegmasia cerulea), 3) prevention of late complications such as post-thrombotic syndrome, 4) treatment of symptoms to reduce pain and swelling of the limb. Anticoagulation remains the gold standard for DVT treatment, but pharmacomechanical removal of thrombi, especially from the proximal segments of the lower and upper limb veins, may favour the valve function and reduce the incidence of post-thrombotic syndrome use of thrombectomy aspIratIon In the treatment of acute venous thrombosIs
Treatment of acute venous thrombosis
Phlebological Review 2018 (PTS). At least half of all patients with DVT of the lower limbs treated exclusively with anticoagulation develop long-term complications due to post-thrombotic syndrome.
New methods of treating deep vein thrombosis beyond standard treatment have appeared along with the growing number of devices designed to remove blood clots on the market. Treatments bringing very good results include transcutaneous interventions with the use of a thrombolytic catheter (PCDT) and mechanical thrombectomies (PMT), including aspiration.
Society for Vascular Surgery Documents points to the possibility of early removal of clots using unconventional methods in selected patients with the first acute episode and symptoms lasting less than 14 days, with low risk of bleeding and acceptable life expectancy, especially when symptoms of phlegmasia cerulea or phlegmasia alba appear. The clot should be located in the iliofemoral segment. Similar rules apply to the choice of therapy in young patients with axillary vein thrombosis and sections of deep veins proximal to it. In the above situations, pharmacological and pharmacomechanical percutaneous approaches are first suggested [1] .
This year Konsensus Polski 2017, developed on the basis of the ACCP Antithrombotic Therapy for Venous Thromboembolic Diseases 2016 guidelines, presented the expert opinion on the treatment of acute proximal limb and upper limb vein thrombosis, accepting the use of transcatheter thrombolysis in selected patients. Factors supporting the decision to take this method of treatment are: symptoms lasting less than 14 days, good general condition of the patient, low risk of bleeding, expected survival of more than one year, and an experienced and trained team performing the procedure [2] .
Percutaneous mechanical thrombectomy is used to dissolve, fragment, and aspirate thrombus and congestion in patients with acute massive DVT or PE. This method is best suited for the treatment of fresh thrombi formed for less than 10-14 days, and its effectiveness in longer-lasting thromboembolism is less predictable.
There are also no unambiguous data on the impact of transcatheter mechanical interventions on the vessel wall, venous valves, and pulmonary vessels in short-and longterm observation; therefore, obtaining reliable scientific data based on the medicine of facts is necessary to clearly define the role of this method [2] .
There are many reports suggesting that systemic thrombolysis, surgical thrombectomy, and percutaneous pharmacomechanical thrombectomy may reduce the onset of PTS.
Multicentre randomised trials indicate that the use of mechanical thrombolysis or thrombolysis directed by a catheter in the iliac and femoral section will have an important role in the treatment of acute DVT in the future [3] [4] [5] [6] [7] .
Positive effects were also observed when using this method as initial therapy in patients with or without MTS (May-Thurner Syndrome), although thrombosis in the course of MTS has a different aetiology than DVT [8] [9] [10] .
The use of alteplase and other thrombolytic preparations has numerous, well-known limitations [2, 4] .
Percutaneous mechanical thrombectomy (PMT) allows thrombus removal if the patient has contraindications to systemic thrombolysis, as an alternative method without the administration of lytic drugs [4] .
The following devices are used to remove blood clots -some of them contain mechanisms to macerate the thrombus, some of them simultaneously macerate and remove clots. These include Angiojet-Zelante; AngioJet-Solent; Cleaner XT; Cleaner 15 (rotatory thrombectomy); Trelis, Indigo, Angio Vac [11] [12] [13] [14] .
Maceration of thrombi promotes pulmonary embolism and other dangerous complications, so patients with low respiratory reserve and cardiac-respiratory failure have potential contraindications to this type of intervention.
There are very few randomised data from which conclusions can be drawn regarding the use of pharmacomechanical thrombectomies and other invasive treatments for DVT.
Great hopes are associated with the announcement of the results of the ATTRACT trial, evaluating the development of post-thrombotic syndrome in patients with proximal thrombosis in the iliofemoral segment. Two methods of treatment in this group were compared: pharmacomechanical thrombectomy combined with thrombolysis, and standard treatment with traditional anticoagulants. Preliminary reports presented after two years of observation at the Society of Interventional Radiology in 2017 mention the lack of significant differences in the occurrence of PTS assessed according to the Villalta scale in the period between six and 24 months after the thrombosis incident in the examined groups (46.7% vs. 48.2%).
The PCDT method caused more bleeding complications than traditional anticoagulation (12.5% vs. 8.5%). However, there was a significant reduction in severe PTS in patients treated with PCDT with thrombosis in the iliofemoral section compared to the femoropopliteal segment (17.9% vs. 23.7%) [15] .
The use of this unconventional DVT treatment method requires proper selection of patients. The long-term benefits of this method of treatment are seen in young people < 65 years of age, active, symptomatic, with thrombosis in the iliofemoral segment and low risk of bleeding [1] [2] [3] 14] .
The AngioJet system removes the clot by maceration, but at the same time it haemolyses the red blood cells and leads to haemoglobinuria, hyperpotassaemia, and kidney damage. Rhythm disturbances in the form of bradycardia, the mechanism of which is unknown, have also been Anna Szarnecka-Sojda, Jarosław Miszczuk recorded. Overly aggressive mechanical thrombectomy may damage the venous valves [4] .
Aspiration thrombectomy with thrombus removal is a type of thrombectomy supported by a vacuum pump, which uses extracorporeal venous circulation and allows for extended aspiration thrombectomy without the risk of blood loss. Penumbra Indigo catheters have been used so far in sucking thrombi using the aspiration method with negative pressure in cerebral and coronary circulation. Therefore, there are no data available to indicate the safety and efficacy of this device in the treatment of acute deep vein thrombosis [4, 16] .
materIal and methods
The Penumbra Indigo System device in combination with transcatheter thrombolysis was used for the treatment of acute proximal venous thrombosis in selected patients hospitalised in the Department of Vascular Surgery, Provincial Hospital Complex in Kielce, from January 1 to June 30, 2017.
During this period 24 patients were hospitalised due to thrombosis, in six patients non-standard methods were used, and the remaining 18 people were treated traditionally with anticoagulants.
case 1
Female A.P., 19 years old, was admitted with a fever of 38 degrees, pain, and swelling of the upper left limb lasting for a week. Symptoms had intensified over the previous 24 hours. The Doppler ultrasound examination revealed occluded subclavian, axillary, and brachial veins and partially occluded basilic vein. Unfractionated heparin in therapeutic dose was included in the treatment. Endoscopic diagnostics was performed, and after exclusion of fresh bleeding from the gastrointestinal tract on the seventh day of hospitalisation, the thrombus was suction-extracted by catheter CAT8 of the Indigo System from access via the brachial vein. The subclavian vein was cleared and an EPC 8 × 80 mm stent was implanted at the residual stenosis site. Control Doppler ultrasound and phlebology showed complete patency of the subclavian vein. During the day, the swelling stopped and the network of superficial vessels decreased. The attempts of movement and chest CT (computed tomography) performed for the chest compression syndrome (thoracic outlet syndrome -TOS) confirmed the suspicion. Thrombectomy required transfusion of two units of red blood cells due to a decrease in haemoglobin below 7 g%. The patient was discharged home with a recommendation to take rivaroxaban 20 mg per day for three months and acetylsalicylic acid 75 mg once a day chronically. The duration of hospitalisation was eight days, extended due to the required diagnostics excluding bleeding. The treatment was performed on the seventh day of hospitalisation.
In the second stage of treatment, one month after the surgery, the first left rib, which caused TOS, was removed. Control tests; Doppler ultrasound performed after one, three, and five months from the event showed complete patency of the axillary and subclavian veins and partially brachial vein. Female B.B., 41 years old, referred from the rheumatology unit where she was treated for systemic lupus with an accompanying antiphospholipid syndrome, admitted with pain and swelling of the left lower limb persisting for 6-7 days. In ultrasound-Doppler iliac external and femoral vein thrombosis was diagnosed. The patient initially received low-molecular-weight heparin in a therapeutic dose. On the second day of hospitalisation, thrombectomy was performed using the CAT8 catheter of the Indigo system, the thrombus was pulled from the external and partially from the femoral vein, leaving the thrombolytic catheter for 24 hours with an alteplase infusion of 1 mg/min due to incomplete recanalisation. Dissolution of residual clots was obtained. Then rivaroxaban 20 mg once a day and compression therapy were included. The patient was discharged home on the third day after the intervention and on day 6 of hospitalisation. Control Doppler ultrasound performed at one, three, and five months after the procedure showed complete patency of the external femoral and superficial femoral vein.
case 3
Female P.N., 19 years old, admitted with a fever of 39 degrees, with pain of the lumbosacral region and the left lower limb in the thigh and calf range, accompanied by swelling, bruising, and widened network of superficial veins on the limb. The patient flew by plane about two weeks previously, she had used contraception for six months, and she had a family burden -her grandfather suffered from thrombosis.
In the Doppler ultrasound examination, complete closure of the left iliac vein by thrombus was found. Treatment with unfractionated heparin was instituted and venous phlebography was performed on the first day of hospitalisation, which showed the presence of thrombi in the common iliac and external iliac veins and parietally at the distal part of the main lower vein; the thrombus was induced by a CAT8 catheter of the Indigo System using the access via the left popliteal vein. The control venography showed a residual stenosis in the external iliac vein at its intersection with the right iliac artery. In this position an EPIC 12 × 80 mm stent was implanted, obtaining an outflow through the whole vein and relief of symptoms of pain, swelling, and bruising of the limb.
After the intervention, a decrease in the value haemoglobin was observed, but not requiring blood transfusion. Subsequently, low molecular weight heparin was included in the treatment dose until the day of discharge from the hospital on the third day. Male J.L., 72 years old, admitted due to severe pain, bruising, and swelling of the left lower limb, persisting for six days with suspected acute limb ischaemia. A few days earlier, he had been subjected to ablation of an additional route due to atrial fibrillation from the left femoral vein. Doppler ultrasound examination revealed thrombosis of the left common and external iliac veins and femoral vein. The anticoagulant treatment with unfractionated heparin was switched on, and on the first day of hospitalisation the thrombus was catheterised using a CAT8 catheter of the Indigo System from the common, external iliac, and femoral veins via the left popliteal vein, followed by angioplasty of residual stenosis in the external iliac vein, resulting in full patency of the left iliac axis and veins lower limb. Due to the loss of blood, the patient was transfused two units of red blood cells. He was discharged from the hospital on the fourth day of hospitalisation with the recommendation to continue treatment with rivaroxaban 20 mg per day for a period of three months. A control Doppler ultrasound performed one, three, and five months after the procedure showed full patency of the veins. Male T.W., 71 years old, admitted due to pain, swelling, and bruising of the left lower limb and elevated body temperature of 39 degrees, which persisted for four days. Six months earlier, due to a fracture of the right leg, he received a prophylactic dose of heparin for three months. In the past, he suffered from portal vein thrombosis associated with surgery of a tumour of the small intestine. In Doppler ultrasound examination, vein obstruction was observed in the left iliac axis: common, external iliac, and femoral veins. Unfractionated heparin was included in the treatment, and on the third day of hospitalisation, due to severe ailments, the thrombus from the common, external iliac, and femoral veins was removed using a CAT6, 7F catheter from the Indigo System from the approach via the left popliteal vein. Because venous patency was not obtained in the control venography and residual constrictions were visualised, a 5-mg bolus of Actilyse was administered through the catheter without improvement, the catheter was left, and the Actilyse infusion was continued at 1 mg/hour for 24 hours. Subsequent examination showed complete patency of left iliac axis veins and release of previous symptoms. He was discharged home with a recommendation to take rivaroxaban 20 mg once day for three months and compression therapy. The hospitalisation time was four days. Control Doppler ultrasound after one, three, and five months of intervention showed complete patency of the veins and lack of discomfort.
case 6
Female S.S., 64 years old, after partial nephrectomy due to a kidney tumour performed a week earlier, receiving typical anticoagulant prophylaxis, was admitted with swelling, pain, bruising of the left lower limb, and temperature of 38 degrees C for 24 hours. Doppler ultrasound revealed blocked veins of the left iliac veins and femoral vein. Unfractionated heparin was included in the treatment, and an attempt was made to suck up the thrombus with an Indigo CAT6 catheter from the access via the left popliteal vein. No vein patency was achieved, and the fig. 11 . Case 5 -Veins of the left iliac axis venography, partial resection after thrombotic aspiration in the position on the abdomen fig. 12 . Case 5 -The final effect in the venography: flow in left common and external iliac veins; placement on the back obstacle in the iliac veins, probably tumour infiltration, could not be overcome. The procedure was discontinued, heparin treatment with a small therapeutic dose was continued, and compression therapy was applied. Due to the swelling of the limb, the hospitalisation was extended to eight days. In the post-hospital period, low-molecular-weight heparin was recommended without any time limit due to oncological history.
results
All patients who underwent aspiration thrombectomy in the local clinic, had anticoagulant treatment after the procedure with new oral anticoagulants (NOAC) -rivaroxaban 20 mg for three months and compression therapy in the second degree of pressure. In the case of stent implantation, acetylsalicylic acid at a dose of 75 mg was added. There are no randomised trials confirming the effectiveness of invasive methods in the treatment of proximal thrombosis and studies confirming the efficacy of anticoagulant therapy after such surgery. Guidelines for prevention, diagnostics, and therapy -Konsensus Polski 2017 recommends the use of heparins in a treatment dose in the period around the surgical intervention of oral anticoagulants from the group of vitamin K antagonists and continuing them for a period of six months [2] . The guidelines were published in the second half of 2017 after the above-described treatments and were not applied in the presented group. The use of new coagulants in this short observation proved to be effective in preventing thrombosis recurrence, and convenient for patients; it also does not require monitoring of the INR (the normalised prothrombin time) and taking care of the diet affecting the effectiveness of the drug. However, due to the innovative method of treatment used, the procedure after surgery requires many trials and tests to establish an unambiguous position and choice of the drug. Pharmaceutical treatment should always be supplemented with compression therapy.
conclusIons
Based on the data, it can be concluded that aspiration thrombectomy combined in some cases with transcatheter thrombolysis:
• allows for quick removal of thrombi and resection of veins while maintaining the proper function of venous valves, • leads to quick relief of symptoms, mainly swelling and pain, • reduces hospitalisation time by half on average, and immobilisation at home, compared to conventional treatment, • no significant bleeding complications were observed; blood transfusions were due to the decrease of haemoglobin below 7 g%, • there were no deaths during its use, • it prevents thrombus prolongation in the proximal and indirectly pulmonary embolism; • it probably reduces the risk of developing a post-thrombotic syndrome, which requires further observation, • the applied anticoagulant treatment after surgery with the use of NOAC in combination with ASA and compression therapy resulted in maintenance of vein patency for five months of observation of these patients, • given the novel nature of the device, further observation is needed to demonstrate the safety and comparable efficacy of this method in the treatment of patients with acute DVT in short-and long-term studies, including randomised, controlled clinical trials before any recommendations for its use can be made.
